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Abstract – This paper describes the fruits of a partnership 
between two academic departments: offerings of 
Environmental Science and Resource Management courses 
technologically enhanced with a classroom interaction 
system developed in the Computer Science department.   
The system allowed the instructors to adopt a style of 
teaching – by engaging the vast majority of students 
during lecture – that would have been difficult without the 
electronic support.  The main contributions of this work lie 
in the novel techniques and teaching philosophy used in 
creating materials, especially in-class student activities, to 
take advantage of the system’s capabilities, and in the new 
usage model employed in these courses.  Specifically, 
emphasis was placed upon using the system to encourage 
all students to directly participate in classroom 
discussions; in previous deployments it was used to 
support other pedagogical goals.  Feedback data confirms 
that we were successful in devising classroom activities to 
engage students, create an atmosphere of participation, 
and accomplish some additional pedagogical goals of the 
instructors.  In this paper, we describe the technology and 
pedagogy used in the courses, and evaluate the courses 
based upon the body of collected data, including in-class 
observation notes, digital ink artifacts created by students 
and instructors, instructor analyses, and student surveys. 
 
Index Terms - Active Learning, Classroom Presenter, 
Environmental Science, Tablet PC.  
INTRODUCTION 
In this paper, we describe a collaborative project between 
members of the College of Forest Resources and the 
Department of Computer Science and Engineering, which 
explores how classroom technology can be used to support 
instructors’ pedagogical goals and enhance teaching.  The 
work builds on previous deployments of networked Tablet 
PCs in Computer Science courses [1][2], and breaks new 
ground by applying the technology to a different discipline 
with very different instructional goals.  We consider the 
deployments to have been a success:  students have reported 
higher levels of engagement, and instructors have reported 
greater ease in using active learning in the classroom to 
support their pedagogical goals. 
In 2003, the College of Forest Resources adopted a new, 
integrative curriculum for its junior year corner-stone 
sequence.  The overarching theme of the restructuring was an 
“upside-down” approach: the program begins with the kind of 
broad, synthetic courses that are usually placed at the end of a 
sequence.  The decision was to utilize an interdisciplinary, 
problem-solving focus and to foster active- and experiential-
based learning as the pedagogical foundation.  This led the 
instructors to adopt an interactive, hands-on teaching style, 
using field trips and in-class activities.  A range of different 
interactive techniques were tried in the classroom with varying 
levels of success, but in most cases they either did not 
adequately engage the majority of the class or they took too 
long to introduce and complete during the class session.  
The partnership between the Environmental Science and 
Resource Management (ESRM) instructors and the classroom 
technology group in the Computer Science department came 
about because the ESRM instructors were seeking a way to do 
classroom activities more frequently and easily, with a 
particular goal of enabling classroom-wide discussion of 
student artifacts.  For this reason, we introduced classroom 
technology to support the active learning-based approach.   
Student participation was greater and more thorough than 
expected and student receptivity was very high.  We then 
extended the use of the system to include all three courses in 
the sequence.  We report on the experience of using the 
system over four terms.  In describing this, we hope to convey 
the relationships between the pedagogical goals, the classroom 
activities, and the supporting technology.  
I. Pedagogy of the Environmental Science and Resource 
Management Sequence  
The Environmental Science and Resource Management 
curriculum and the associated three core courses were 
developed in an effort to better prepare students for the diverse 
requirements of work in this field by integrating the scientific 
curriculum with training in certain key skills:  
•  critical thinking, writing, and problem solving skills;  
•  ability to work with people of highly varied interests;  
•  responsibility for one’s work. 
   
These principles translated into a classroom environment 
where collaboration, problem solving, and discussion were 
highly valued, and where active learning was seen as a natural 
pedagogical approach.  Even before technology was   
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introduced, a significant portion of class time was spent on 
small-group activities, often done by distributing and 
collecting overhead transparencies or poster-sized sheets of 
paper along with “post-it” notes and colored markers to 
facilitate class-wide discussion of student-created artifacts. 
II. Classroom Presenter: Technology to Support Interactive 
Pedagogy 
This project employed Classroom Presenter [3][4] – a 
classroom interaction system that uses digital ink and 
networked Tablet PCs to facilitate active learning in the 
classroom.  Electronic slides are distributed from an instructor 
tablet to student machines.  The instructor can then write on 
the slides, with the results visible on both the student machines 
and a public display.   
The lecture slides also contain activities for students.   
When an activity slide is reached in the lecture, the instructor 
asks the students (who usually work in pairs) to write or draw 
their answers on the slide.  After a brief period of discussion in 
each group, the students submit their answers wirelessly and 
anonymously to the instructor.  Solutions that the instructor 
receives are presented in a private filmstrip view (Figure 1), 
and can then be selected to show to the class on a public 
display.  
 
 
FIGURE 1  
CLASSROOM PRESENTER’S INSTRUCTOR INTERFACE.  THE MAIN VIEW IS THE 
UNALTERED SLIDE, WHILE THE INSTRUCTOR CAN PRIVATELY PREVIEW 
STUDENT SUBMISSIONS FROM THE FILMSTRIP. 
III. Deployments 
We have deployed Classroom Presenter at some level in four 
offerings of ESRM courses;  these were the first deployments 
of Classroom Presenter that the technology team had 
attempted outside of the Computer Science department. 
This paper focuses primarily on an offering of ESRM 
303: “Preserving and Conserving Wildlands” from Autumn 
2006.  The course enrollment was 26 and Classroom Presenter 
was used during 9 of the first 10 class periods; later class 
sessions were guest lectures where the system was not often 
used.  Students were required to work in groups of two per 
tablet.  We also deployed the system in ESRM 301: 
“Maintaining Nature in an Urban and Urbanizing World” in 
Winter 2007, though that deployment was ongoing at the time 
of this writing.  There were limited deployments in ESRM 301 
in Winter 2006, and in ESRM 302: “Managing and Restoring 
Sustainable Production Lands” in Spring 2006.  Our university 
is on a 10-week quarter system, and all ESRM courses meet 
twice a week for 80 minutes per session, with an additional lab 
meeting once a week. 
WHY TECHNOLOGY HELPS 
Activities can be incorporated into the classroom without 
technology, and active learning has long been considered an 
important educational tool.  However, the technology provides 
important advantages over the usual paper-and-pencil 
implementation.  First is the ease with which activities can be 
distributed and collected, reducing the time spent on logistics.  
Second is the integration with the public display, which allows 
instructors to readily bring student artifacts into the discussion 
in an anonymous, and thus less threatening, manner.  Other 
advantages are that students retain a copy of their work even 
after they submit it, and the digital archive of classroom 
activity that is created for both the students and the instructor.  
There are tangible advantages to using the system as 
opposed to simply asking a question and inviting students to 
comment.  Using the system requires all students to put some 
thought into their answers (as all are expected to provide an 
answer) before seeing any responses.  It also gets students 
used to contributing to the class anonymously, thus removing 
obstacles some may have with verbalizing responses quickly. 
In addition, showing student submissions to the class puts 
student work on the same level as instructor content, which we 
feel gives students a sense that they can influence – and are in 
part responsible for – class content.  It also provides a strong 
motivator for participation; surveys and experience show that 
students are gratified to have their work shown to the class.   
RELATED WORK 
Undergraduate science education reform has a strong, fairly 
recent history of publications about effective engagement of 
students in different learning environments [5]-[12].  These   
papers emphasize the importance of active, experiential 
learning, while providing cautions about the ability to 
“scientifically” evaluate the efficacy and effectiveness of 
using different pedagogical approaches [6][9][13][14].  Much 
of this literature formed the pedagogical foundation for our 
initial practices in teaching the ESRM core series. 
With the advent of wireless networks, there have been a 
number of systems developed to embed technology in the 
classroom – Classroom 2000 [15] is one of the most notable.  
Other, more recent, classroom collaboration projects include 
Active Class [16] and LiveNotes [17].  Our work is based on 
using Classroom Presenter [3][4], while other Tablet PC-based 
classroom collaboration systems include Ubiquitous Presenter 
[18] and DyKnow [19].  A different approach to using 
classroom technology is Classroom Response Systems [20], 
which have been very successful for introductory physics and 
astronomy instruction [21][22], but do not have the power to 
provide the rich input needed for our activities.    
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THE INTERACTIVE AND EXPERIENTIAL ESRM CLASSROOM 
In the Introduction, we stated that the overarching goals of the 
courses, aside from delivery of content, were to teach the 
students critical thinking, writing, and problem solving skills, 
to help them develop the ability to work with people with 
highly varied interests, and responsibility for their work.  The 
instructors used various teaching methods to meet these goals.  
In addition to active learning, in ESRM 303 the students went 
on two extensive field trips, one all-day and one weekend-
long.  These gave students hands-on experience with field 
work, an opportunity to learn from various field managers and 
scientists first-hand, and a chance to learn in a more natural 
environment versus in a classroom.  There were also many 
guest lecturers, enhancing the students’ opportunity to learn 
directly from practitioners.  The instructors also had students 
do (1) writing assignments based upon their assigned reading 
and (2) synthesis exercises building on the week’s learning in 
light of what had also happened prior.  These writing activities 
helped students learn how to concisely express ideas in words, 
properly cite material, and integrate their knowledge and skills 
to that point in time.  These different teaching techniques all 
contributed in concert toward achieving the goal of a 
collaborative, interactive classroom environment, focused on 
building and demonstrating student skills.  For instance, the 
instructor would commonly begin class with an activity asking 
the students to reflect on their reading or a field trip.  The fact 
that there were two instructors also contributed to the 
interactive nature of the class.  On any given day, one 
instructor would lecture, and the other would sit in the 
audience, occasionally asking questions or making points, 
which often developed into class-wide discussions.  This 
would have been difficult to achieve with a single instructor. 
INSTRUCTOR GOALS AND SAMPLE ACTIVITIES 
While it is important for an educator to identify their high-
level goals for a course, it is often difficult to map these high-
level goals directly onto activities.  Therefore, we have 
identified a set of activity-level goals which were used to 
create activities for the courses.  Working toward a learning 
environment where students synthesize new material with 
what they have already learned, as they learn it, the instructors 
found that they highly valued classroom discussion.  Thus, the 
instructors used the system to augment and support discussion. 
They also found it useful to get feedback about student 
progress, as a way to ascertain if their goals were being 
achieved.  Allowing students to apply what they are learning 
in a new context strengthens critical thinking and problem-
solving skills, so the instructors also devised activities for this.  
The system was also used to support brainstorming, as this 
allows students to see the spectrum of points of view on a 
subject.  We present these activity-level goals in more detail 
below.  Note that we are not attempting to introduce an 
exhaustive taxonomy; in fact, most activities will fall into 
more than one of these categories.  Rather, we are trying to 
explicate the activity design process in a way that facilitates 
creation of more intentional activities. 
I. Generating Student Artifacts for Class-Wide Discussion 
Since discussion is an integral part of the courses, there were 
many times when the instructor’s primary purpose in creating 
an activity was to solicit student submissions, which would 
provide a backdrop for class-wide discussion.  Such an 
activity was considered a success if the instructor received 
submissions which facilitated discussion. 
In the natural workflow of activities, there were two 
distinct times with significant discussion: while students were 
working on their solution in pairs, and when the instructor was 
showing submissions to the class.  Since a pair of students 
typically submitted one answer, the process of arriving at that 
answer involved negotiation and peer learning, which went 
toward the higher-level goal of helping the students learn 
about working with people.  It also gave the students an 
opportunity to discuss ideas one-on-one with another student; 
validation in this setting could embolden them to speak out in 
the ensuing class-wide discussion.  In the class-wide 
discussion phase, the students became accustomed to having 
their work openly discussed and perhaps critiqued, but with 
the cloak of anonymity.  This helped students to learn about 
taking responsibility for their work. 
One technique that was used to promote discussion was 
leveraging student submissions to draw shy students into the 
discussion by inviting them to comment on their work while it 
was displayed.  Figure 2 shows a student submission from an 
activity in ESRM 301, where this tactic was used; the slide 
asks students to reflect on a field trip to a Superfund site that 
they had visited the day before. 
 
             
FIGURE 2  
AN ACTIVITY USED TO GENERATE STUDENT ARTIFACTS. 
 
The instructor was careful to let the students know that 
they did not have to identify their work, but we found that 
once their work was shown, most students were eager to 
explain their ideas.  The lively discussion around these 
submissions lasted over 20 minutes; the instructor displayed 
all 9 submissions, and of the 18 students present, 14 spoke at 
least once during the discussion. 
II. Application/Reinforcement 
Once a student has been introduced to a new concept, it is 
useful to ask them to apply that concept in a new context.   
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Usually this level of analysis does not occur until the 
homework, and so students lose the opportunity to bring this 
deeper level of understanding to the rest of the lecture. 
  Figure 3 shows an activity that the instructor asked the 
students to complete right after introducing them to the 
concept of a system.  The students were asked to apply the 
concept of a system to a tree, identifying the inputs and 
outputs, two of the key components of a system.   
 
           
FIGURE 3 
 A REINFORCEMENT ACTIVITY. 
 
A reinforcement activity was considered successful if the 
students’ understanding of the relevant concept was 
strengthened by doing the activity. 
III. Assessment 
Immediately after introducing a new topic, it is often desirable 
to ask students to do an activity so that the instructor can 
determine to what extent the students have grasped the 
material.  (Figure 4 provides an example of such an activity.)  
This differs from reinforcement activities in that the questions 
are usually fairly straightforward, as opposed to asking 
students to do the more demanding task of applying a concept 
to a new situation.   
 
             
FIGURE 4 
 AN ASSESSMENT ACTIVITY. 
 
One technique that was used to improve the effectiveness 
of assessment activities was providing specified areas of the 
slide where students could put their answers.  This allowed the 
instructor to quickly get a sense of the correctness of a large 
number of student answers.  It was often possible to ask the 
students to provide a summarizing statistic even for more 
complicated activities.  As can be seen in Figure 4, the 
instructor provided boxes where the students could fill in the 
letters corresponding to that part of the graph.   
An assessment activity was successful if the instructor 
could tell from the received submissions whether the students 
understood what was being discussed.  Note that this does not 
imply that all solutions were correct; it was often more 
important for the instructor to know what the students did not 
understand. 
IV. Collective Brainstorming 
Activities are sometimes used to gather a large number of 
diverse student ideas about a topic.  A collective 
brainstorming activity’s success was tied to whether the 
instructor received a wide range of student solutions. 
Having two instructors for the course enabled an 
interesting usage on the activity shown in Figure 5.  While one 
instructor was displaying solutions, the other was at a student 
machine, generating a slide on which he sketched all displayed 
solutions.  This slide was then used at the end of the 
discussion to summarize what was seen, providing closure. 
 
            
FIGURE 5  
 A COLLECTIVE BRAINSTORMING ACTIVITY. 
CHALLENGES IN DESIGNING AND DEPLOYING SUCCESSFUL 
ACTIVITIES 
While we believe that for the most part the instructors’ 
activities were successful in meeting their stated goals, there 
were some activities which were clearly unsuccessful, and 
which provide useful insight into the activity design process.  
The instructors felt that the failure of most unsuccessful 
activities was due to lack of clear and appropriate learning 
goals for the exercise itself, i.e., inserting an activity “just to 
have an activity.”  Still, the resulting feedback led to a more 
careful delineation of the educational goals for the interactive 
activities. 
The process of creating activities for use in class is quite 
different from the process of creating homework and exams, 
because there are challenges in predicting how the activity will 
proceed in the time-constrained and dynamic environment of   
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the classroom.  Instructors must estimate how long the 
activities will take in order to plan the appropriate amount of 
material for the lecture, and anticipate how the students will 
interpret the question in order to make it as clear as possible.  
They must also carefully gauge the difficulty level of the 
question, as well as fit the activity into the relatively small 
space afforded by a PowerPoint slide, allowing enough room 
for a student response.  If the instructor was unsuccessful in 
any of these, the result was often an inability to use the 
resulting student submissions effectively in class, either 
because the instructor could not comprehend the submissions 
in real time, or because they did not receive submissions that 
were good candidates for discussion. 
However, on the positive side, similar to the students’ 
receiving instant feedback, this technology also provided 
instant feedback (positive or negative) to the instructor.   
Instructors, when creating lessons, presentations, assignments, 
or exams, rarely receive comprehensive, instant feedback 
about poorly worded or constructed activities and questions.  
Classroom Presenter enabled such feedback and, as a result, 
forced the instructors to think more about their learning 
objectives, as well as careful wording, sequencing, and timing 
of materials for each lecture. 
 
 
FIGURE 6 
AN UNSUCCESSFUL  ACTIVITY. 
 
Figure 6 shows an unsuccessful activity.  The illustration 
was too complex and many students misunderstood the level 
of granularity they were to focus on; as is shown in the inset, 
one student was confused enough to ask about it directly.  It 
was hoped that the students would notice that trees grow in 
clumps as well as along ridges; however, many focused 
instead on the shape of the trees.  Due to this activity’s lack of 
success, the similar follow-on activity was skipped. 
Another challenge was time management.  Of the 32 
activities that were designed for use in 8 lectures (we exclude 
a lecture where, due to technical issues, we were only able to 
use Classroom Presenter for the first half), only 23, or 72%, 
were used.  Thus, instead of an average of 4 activities per 
class, an average of only 2.9 were actually done.  However, 
sometimes the instructors did the activities verbally instead, 
allowing them to inject some interaction into the lecture at that 
point, even if they did not have time to do an activity fully. 
While the issues mentioned above are real, we were 
encouraged to find that the frequency and severity of their 
occurrence diminished as the instructors became more 
accustomed to planning classes that used activities.  
EVALUATION AND OBSERVATIONS 
We evaluate the effectiveness of deploying Classroom 
Presenter in creating the desired classroom environment by 
examining student survey results, student and instructor 
artifacts, and observations from both the instructors and 
observers from the technology team, one of whom observed 
every class session of ESRM 303.  
Student response to the system was overwhelmingly 
positive.  We administered a survey in ESRM 303 at the end 
of the quarter, with both numerical and free-response 
questions, and received 23 responses.  When asked what effect 
the system had on their learning experience, the average on a 
1-5 scale was 4.32.  The average response was also 4.32 when 
students were asked what effect the system had on their level 
of engagement.  These findings are in line with our experience 
in Computer Science courses.  We also asked how the lectures 
with the student participation system compared with lectures 
without the system; some students commented: “Much better. 
This is one reason why this has been the best core series 
class.” “I learned from my peers and heard what other ideas 
were out there besides mine or the professor’s.” “…I felt more 
interested and willing to learn because it involved more class 
discussion and individual involvement…”  A few students 
made comments to the effect that use of the system was 
effective if there were relevant questions, but not if they felt 
the instructor was using it just to use the system.  When asked 
what the most useful activity done during the term was, one 
student wrote: “Questions with broad answers, many solutions 
that could spark new ideas.”  These responses indicate that 
students found the system most effective when it was used to 
facilitate peer learning and group discussion.   
We also asked a set of questions intended to identify 
which activities associated with the use of Classroom 
Presenter had the greatest effect on the students’ learning 
experience.  We asked the students to rate, on a 1-5 scale, the 
effect that performing the following actions had on their 
learning experience: doing the activities, discussing with 
neighbors, seeing other students’ solutions displayed, and 
seeing their own solutions displayed.  The highest average 
score, 4.7, corresponded to seeing other students’ solutions 
displayed to the class.  This supports our intuition of the 
importance of the public display.   
Another important source of results is the instructors’ 
experiences using the system.  The instructors had prior 
experiences with activities designed to engage students during 
class sessions whereby overhead transparencies, large sheets 
of paper, “post-it” notes, and colored markers were used to 
develop, record, and discuss ideas and concepts.  These 
activities were often less effective than expected because of 
the time required to introduce the exercise, hand out materials,   
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and collect results; the inability to easily preprint the materials 
with worksheets or labeled axes; difficulties in displaying 
student work so that everyone could see it during subsequent 
discussions; and difficulties in post-exercise management 
(e.g., for assessment and archiving).  The instructors found 
that use of the system alleviated these problems.  The exercise 
materials “appeared” on the students’ tablets and were 
collected almost instantly, and materials were inevitably 
“preprinted” as slides.  It allowed instructors to easily preview 
student work before displaying it to the class, and the public 
display provided ample visibility for in-class discussion. 
One thing that struck the instructors was the value of 
discussing incorrect solutions.  While this must be done 
carefully to avoid discouraging students from submitting in 
the future, it can be of great value to discuss the underlying 
error of a common misconception. 
The second half of the class was devoted to guest lectures.  
Since we had success in engaging the students using the 
system during the first half of the class, we asked some of our 
guest speakers if they would be willing to try using the 
system.  Two guest lecturers agreed, and both indicated after 
using it that they believed that it served to help them keep 
students engaged in their lectures.  In two other cases it was 
used briefly by the instructors to facilitate discussion after the 
speakers had finished.   
Something interesting happened after one guest lecturer’s 
talk: there was a question-and-answer period as usual, and 
when there were no more student questions, the instructor told 
students that if they had any more questions for the speaker, 
they could submit them using the system.  Even though there 
was still plenty of class time, so the students could have 
verbally asked questions, two of them submitted questions 
using the system.  We take this as positive evidence that 
students are comfortable participating in class using the 
system even when they are not comfortable participating 
verbally. 
CONCLUSIONS 
We have presented the results of a partnership between 
instructors in Environmental Science and a classroom 
technology team in Computer Science.  We felt that we were 
successful in using classroom technology to increase the level 
of interaction and engagement in the classroom.  We did this 
by using technology to incorporate more active learning 
activities into the classroom, working toward the goal of a 
classroom experience that is more experiential and that 
facilitates development of students’ critical thinking and 
problem solving skills.   
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